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(57) A color filter array for an image sensor which
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nel having the plurality of pixels arranged in the following
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A C

D B wherein:

A and B are companion colors; and
C and D are companion colors.

A color filter array in a color image pickup device
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Description

[0001] The present invention relates to color filter ar-
rays for image sensors.

[0002] In electronic color imaging, it is desirable to si-
multaneously capture image data in three color planes,
usually red, green andblue. When the three color planes
are combined, it is possible to create high-quality color
images. Capturing these three sets of image data can
be done in anumber of ways. In electronic photography,
this is sometimes accomplished by using a single two
dimensional array of sensors that are covered by a pat-
tern of red, green and blue filters. This type of sensor is
known as a color filter array or CFA. Below is shown the
red (R), green (G) and blue (B) pixels as are commonly
arranged on a CFA sensor.

[0003] When a color image is captured using a CFA,
it is necessary to interpolate the red, green and blue val-
ues so that there is an estimate of all three color values
for each sensor location. Once the interpolation is done,
each picture element, or pixel, has three color values
and can be processed by a variety of known image
processing techniques depending on the needs of the
system. Some examples of the reasons for processing
are to do image sharpening, color correction or half ton-
ing.

[0004] The diagram below shows how red green and
blue pixels can be arranged in a particular color filter
array pattern, hereinafter referred to as the Bayer color
filter array. For a more detailed description see US-A-
3,971,065.

G R
B G

[0005] In commonly assigned US-A-5,596,367 incor-
porated by reference, adaptive methods of calculating
green pixel values at pixels where green is not directly
measured is described. These methods rely on algorith-
mically selecting one or two ways to calculate the miss-
ing green values. After determining the missing green
values, the red minus green color difference values are
computed at red pixel sites and the blue minus green
color difference values are computed at blue pixel sites.
The missing values for each color difference are com-
puted by simple linear interpolation. Because the red,
green, and blue CFA filters absorb two thirds of the in-
cident light, such CFA sensors tend to be photometri-
cally slow. Especially in low light situations, it would be
better to use subtractive CFA filters such as cyan, ma-
genta, yellow, and green. It would also be desirable to
have a CFA pattern that permits adaptive interpolation
of the luminance value (analogous to green) and permits
for adaptive interpolation of both color difference values
as well.

[0006] Itis an object of the present invention is to pro-
vide a color filter array pattern which provides signals
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which can be efficiently processed since the color filter
array uses a 2x2 repeating pattern.

[0007] It is a further object of the invention to have a
CFA pattern which has at least two methods of lumi-
nance interpolation as well as two methods for each
chrominance value to thereby provide improved inter-
polation for both luminance and chrominance.

[0008] This object is achieved in a color filter array for
an image sensor which has a plurality of pixels, the color
filter array comprising:

(a) a plurality of color pixel kernels, with each kernel
having the plurality of pixels arranged in the follow-
ing pattern

wherein:

A and B are companion colors; and
C and D are companion colors.

[0009] An advantage of the present invention is that
the color filter array pattern uses kernels with only four
pixels and this facilitates calculations and interpolation.
[0010] Afeature of this invention is that it permits non-
linear interpolation of both Iluminance values and
chrominance values, regardless of location within the
CFA pattern.

[0011] Another advantage of the present invention is
that the same processing can be used irrespective of
the location of the pixels in the CFA.

[0012] Another advantage of the present invention is
that it facilitates the use of the smallest kernel of CFA
pixels can be used to provide a high quality estimate of
luminance.

FIG. 1 is a plan view of a generalized kernel of a
color filter array in accordance with the present in-
vention;

FIG. 2 is a plan view of a particular embodiment of
a kernel of a color filter array in accordance with the
present invention;

FIGS. 3A and 3B are respectively cross-sectional
views taken along the lines 3A-3A and 3B-3B of the
area image sensor of FIG. 2;

FIG. 4 is a plan view of the embodiment shown in
FIG. 2 with subscript numbers added to show rows
and columns; and

FIG. 5 is a plan view of another embodiment of a
kernel of a color filter array in accordance with the
present invention.

[0013] FIG. 1 is a plan view of a new four-color CFA
kernel. The colors are chosen so that V=(A+B)/2=(C+D)
/2, where V is luminance. The color pixels of each kernel
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which satisfy the above equation are arranged so that
A and B are companion colors and C and D are com-
panion colors as will be explained later. By use of the
term "kernel" is meant a minimal repeating pattern of
color pixels or elements of a CFA filter that is two-dimen-
sionally replicated over the full extent of the color filter
array. In a preferred embodiment set of colors is A=ma-
genta (M), B=green (G), C=cyan (C) and D=yellow (Y).
Expressing this set of colors in terms of red (R), green
(G) and blue (B): Under these definitions, V=(R+2G+B)
/4. This preferred embodiment is shown in FIG. 2 where-
in the pattern has green, magenta, cyan, and yellow pix-
els.

M= (R +B)2
G=G
C=(G+B)2
Y=(R+G)2

[0014] FIG. 3A is a cross-sectional view of an area
image sensor 10 taken along the lines 3A-3A of FIG. 2.
As shown, the image sensor 10 includes a silicon sub-
strate 12 into which is doped pixel areas 14. In this par-
ticular embodiment, there are two dye-receiving layers
16 and 18 respectively formed on the silicon substrate
12. In this arrangement, the dye pattern shown in FIG.
2 is exemplified.

[0015] FIG. 3B is similar to FIG. 3A and includes the
same elements except that it should be noted that a yel-
low portion is disposed directly over a cyan dye portion.
These portions are aligned with a particular image sen-
sor pixel. The combination of the yellow and cyan por-
tions forms the green pixels shown in FIG. 2. Although
the superimposed cyan and yellow colored portions are
preferably the same cyan and yellow dyes shown in the
dye-receiving layers 16, it will be understood by those
skilled in the art that different cyan and yellow dyes can
be used to form a green pixel. For an example of a color
filter array which uses different color dyes, see common-
ly assigned US-A-5, 419,990, the disclosure of which is
incorporated herein.

[0016] Duetothe arrangement of color filter array pat-
tern shown in FIG. 2, V can be interpolated in either of
two diagonal directions at each location of the CFA,
which permits adaptive CFA interpolation of luminance
values. In FIG. 4, the same color pixel kernel shown as
in FIG. 2; however, in FIG. 4 each of the pixels carry a
subscript number. The first number in the subscript cor-
responds to the row and the second subscript corre-
sponds to the column. For clarity of illustration, FIG. 4
has been shows as a 5x5, although the kernel, of
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course, is still 2x2. Most notably, at each location in the
pattern, V can be estimated in the positive slope diago-
nal and negative slope diagonal directions. The value
Va3 can be calculated as below:

Vg = (M, 5+3G 5, +8Myq+3G 4p-Msg, )/2

Vg = (My; + 3Gy + 8Myy + 3G 44~ Mgg)/2

[0017] Two chrominance channels are also defined
for this pattern:

C1 =K1 (D-C) and C2 =K2 (A-B). The values K1 and K2
are scaling constants. In the preferred embodiment of
FIG. 2, K1=1/2,K2=1/2 and, as before, A=M, B=G, C=C
and D=Y. As aresult, once a luminance value has been
calculated for each pixel location, C1 or C2 can be cal-
culated directly. Missing values of C1 and C2 can be
adaptively interpolated because each location missing
C1 or C2is surrounded by four locations having defined
values.

[0018] For example, in FIG. 4, once Vg, has been
computed, the value for (C2)33 now can be computed
as (M3 - Va3). At the pixel of Mas, only the value of
(C1)ag, which is derived from cyan and yellow, is miss-
ing. However, at the four adjacent pixels, the values
(C1)s3, (C1)a5, (C1)ay, and (C1)43 are known. There-
fore, the value (C1)33 may be adequately computed us-
ing one of the following equations:

(C1)gq = ((Cl)pg + (C1),44/2

(C1)gq = ((Cl) g5 + (C1)5,/2

[0019] Once thereis avalue of V, C1 and C2 at each
pixel location, corresponding values of R, G and B can
be obtained through a simple linear transform.

[0020] In accordance with the above discussion, A
and B are defined to be companion colors in that the
sum of the colors is proportional to luminance and the
difference of the colors is proportional to chrominance.
Likewise, C and D are also companion colors.

[0021] FIG. 5shows an alternative embodiment of the
present invention. It should be noted that the kernel pat-
tern of FIG. 5 is similar to that shown in FIG. 2 with the
exception that the cyan pixels are replaced by yellow
pixels and the yellow pixels are replaced by cyan pixels.
It should now be clear that these colors can be handled
in a similar fashion using Equations 1.

PARTS LIST
[0022]

10 image sensor
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silicon substrate
pixel areas
dye-receiving layers
dye-receiving layers

Claims

1.

2. Acolorfilter array for an image sensor which has a
plurality of pixels, the color filter array comprising:
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A color filter array for an image sensor which has a
plurality of pixels, the color filter array comprising: 70

(a) a plurality of color pixel kernels, with each
kernel having the plurality of pixels arranged in

the following pattern

A
D

O

wherein:

A and B are companion colors; and
C and D are companion colors.
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(a) a plurality of color pixel kernels, with each
kernel having the plurality of pixels arranged in

the following pattern

M
C

wherein:

M is magenta;
G is green;
C is cyan; and
Y is yellow.
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3. Acolorfilter array for an image sensor which has a

plurality of pixels, the color filter array comprising:

(a) a plurality of color pixel kernels, with each 45
kernel having the plurality of pixels arranged in

the following pattern

M
Y

wherein:

M is magenta;
G is green;
C is cyan; and
Y is yellow.
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